INTRODUCTION
Interventions such as bypass surgery and the use of potent drugs emphasize the need for a thorough understanding of the natural history of coronary artery disease. Identification of high risk groups of patients who may benefit from certain treatments depends upon adequate evaluation of the characteristics that influence survival. Analysis of high quality coronary arteriograms and ventriculograms offers a good assessment of the anatomical consequence of coronary artery disease and left ventricular function. Since the introduction of coronary angiography many different arteriographic indices have been developed to predict survival in subsets of patients (1) (2) (3) (4) (5) . In addition, it has been earlier shown (6-8) that left ventricular function has an important effect on prognosis even if the patients are grouped into different arteriographic classes.
This study was undertaken to: (a) compare the prognostic value of different arteriographic indices including some empirically constructed from the Coronary Artery Surgery Study (CASS)' in subsets of patients with coronary artery disease and varying degrees of left ventricular dysfunction; (b) estimate the overlap in predictive information between different arteriographic indices; and (c) construct a simple index from angiographic data that is clinically useful in identifying subsets of patients at different levels of risk. METHODS CASS carried out under the auspices of the National Heart, Lung, and Blood Institute contains a registry of 24,959 patients enrolled from August 1975 to June 1979 . At the 15 cooperative centers, all patients who were studied angiographically for suspected or proven coronary artery disease were enrolled in the registry (subject to their informed consent). Angiographic findings were recorded on standardized forms, and readings were quality controlled. The percentage narrowing of arterial segments was estimated by visual assessment. Vital status is known in 99.8% of the registry patients. A detailed description of CASS has been previously published (9) . This study is based on analysis of 8,773 registry patients with at least minimal coronary artery disease who did not have surgery, or who had very late surgery.
Description of indices
Eight indices of the arteriographic extent of disease were examined. The descriptions below are given in more detail in Appendix I.
1. Number of vessels diseased. The possible scores of this index range from zero to three vessels diseased. The criterion for one, two, or three vessel disease is a 70% or more reduction in the internal diameter of the right, left anterior descending, or left circumflex system. A 50% or more reduction in the internal diameter of the left main coronary artery is considered two vessel disease. Patients with less severe disease, that is obstructions causing <70% reduction in the right, left anterior descending, or left circumflex coronary artery and <50% reduction in the left main coronary artery, are classified as zero vessel disease for the purposes of this index. In this paper the zero vessel disease patients have minimal or moderate coronary artery disease.
2. Number of proximal arterial segments diseased. This index ranges from zero to three proximal segments diseased. The criteria for the presence of proximal vessel disease are the same as for the number of vessels diseased (Index 1), but restricted to the proximal portion of the vessels. (Definitions of the coronary artery segments are given in Appendix I. ) 3. Proximal arterial segments score. The score of this index ranges from one to seven. The criteria for presence of proximal obstruction are the same as for the number of vessels diseased (Index 1). The score reflects both the number of proximal segments diseased and the location of the lesion.
In this scheme, stenosis of the proximal left anterior descending artery is scored higher than stenosis of the proximal circumflex or the proximal right coronary artery. A score of seven is given when three proximal segments (with or without the left main coronary) are diseased. from 0 to 15. Each of the three main coronary arteries is scored separately from zero to five. The scores are: 0, no arteriographic abnormalities; 1, trivial luminal narrowing <29%; 2, localized 30-68% luminal narrowing; 3, multiple 30-68% luminal narrowing; 4, 69-100% luminal narrowing without 100% occlusion of proximal segments; 5, total obstruction of a proximal segment. 5. Modified Gensini index (4) . This index assigns a heavier weight to the more severe luminal narrowings. Weights are also assigned to each segment depending on vessel size and importance; segments serving larger regions of myocardium are more heavily weighted. For example, the left main coronary artery receives the heaviest weight. For each segment the two weights are multiplied. The sum of the products is the modified Gensini score. 6. National Heart and Chest Hospital (NHCH) index.
Feuerlicht et al. (5) presented an index from the National Heart and Chest Hospital, London, based on a schematic diagram of the coronary artery tree. The product of the fraction luminal openings of the segments on each path on the coronary tree is calculated. The sum of these products, normalized to lie between 0 and 100, gives the index.
7. Modified NHCH index. This index uses the product of the luminal opening fractions as in the NHCH index.
Before summation, each of the products is weighted by a factor that reflects the relative importance for myocardial blood flow of that coronary branch. For instance, the left anterior descending branch is weighted more heavily than the circumflex branch. The weighting factors were determined empirically from the CASS data.
8. Arterial segments score. This index is derived from a weighted sum of the luminal narrowings of specific segments of the coronary arteries. The segments are the left main, proximal and middle left anterior descending, proximal and middle right, proximal and distal circumflex, and first obtuse marginal coronary arteries. The left main coronary and the three proximal segments are weighted most heavily. The segments and weighting factors were determined empirically from the CASS data. 9 . Left ventricular score (9) . Left ventricular function is estimated by a score ranging from 5 to 30. The ventricle is divided into five segments: anterobasal, anterolateral, apical, diaphragmatic, and posterobasal. Left ventricular wall motion abnormalities were subjectively assessed and scored numerically as follows: 1, normal; 2, moderate hypokinesis, 3, severe hypokinesis; 4, akinesis; 5, dyskinesis; and 6, aneurysm. The score is the sum of scores for the five segments. A normally contracting left ventricle is scored five. The maximum possible score for a totally encompassing ventricular aneurysm is 30.
Statistical methods
For purposes of this study, medically treated patients are defined as those who did not have surgery, or who had very late surgery. The number of days after enrollment within which 95% of the first year bypass surgeries occurred was determined for each clinic. Patients with surgery within this period were excluded from this study. An alternative method was used wherein all 16,286 patients with at least minimal coronary artery disease were used. In this analysis, patients treated surgically were also included, but considered as lost to follow-up at the time of their bypass surgery.
To estimate the ability of each index to predict survival, each index was used to categorize patients into risk groups. The risk groups for an index were compared in a life table analysis to determine how distinctly the index could separate Prognostic Angiographic Indices of Coronary Artery Disease the risk groups. For indices one through three, the risk groups were determined by the number of diseased vessels, the number of diseased proximal segments, or the proximal arterial segment score. For indices four through eight, which had a wider range of scores, each index was used to categorize the patients into five quintiles of risk. The first quintile was set to contain -20% of the patients with the lowest scores for that index, the next quintile to contain the next 20%, and so on. The relation of the index to survival was rated by the separation of the risk groups as measured by the log-rank statistic.
Since the number of vessels diseased is an especially important categorization, in another analysis the other indices were used to divide patients into four risk groups with the same proportion of patients in each group as in the groups of zero, one, two, and three vessels diseased. The percentiles were 0-22, 23-54, 55-79, and 80-100%. For indices two through four, which have few categories, these percentiles could only be approximated. These indices and their percentiles were the number of proximal arterial segments (0-56, 57-86, 87-97, and 98-100%), the proximal arterial segments score (0-55, 56-73, 74-86, and 87-100%), and the Friesinger index (0-19, 20-53, 54-75, and 75-100%).
The indices were also rated by use of the Cox proportional hazards (or regression) model (10) . The proportional hazards model for survival analysis assumes covariates influence survival by modifying the survival function by an exponent that contains a linear combination of covariates. The significance of a covariate in influencing survival is measured by a chisquare statistic that tests whether the coefficient for that covariate is actually zero. Each of the indices was examined separately by this method to measure its univariate predictive ability.
To compare and quantify the overlap among the eight indices, three methods of analysis were used: (a) an analysis based on information theory, (b) Cox stepwise regression analysis, and (c) a stratified life table, or actuarial, analysis.
Information theory (11) was used to quantify the amount of information for predicting 6-yr survival from each of the indices including left ventricular function score, and for each pair of indices. The overlap between indices was determined by comparing the amount of information in the single indices to the amount of information in the pair. (Details are given in Appendix II.)
The principle of a stepwise Cox analysis is to select the linear combination of variables that, within the framework of the proportional hazards model, affords the best fit of the model to the observed survival. At step 1 the variable most related to survival is chosen. At subsequent steps all remaining variables are considered for possible inclusion in the model, and the variable most related to survival, when considered in linear combination with variables already in the model, is then added. The process ends when the remaining (unselected) variables do not contribute statistically significant (P < 0.05) information to the model. This method was used to compare the eight indices and the left ventricular score. The model constructed by this analysis was also used to generate an overall index, which is a linear combination of single indices. This index, which was a linear combination of left ventricular score, the arterial segments score, the NHCH index, the Friesinger index, and the proximal arterial segments score, was compared with other combination indices that were similarly constructed (Appendix I). The Cox model is used because it allows the survival experience to be related to multiple predictor variables.
The stratified life table approach is used to adjust a survival comparison for other related factors (12) . For instance, a comparison of survival among patients with one, two, or three vessels diseased might be adjusted for left ventricular function. Patients are grouped into two or more strata that are homogeneous with respect to ventricular function. The comparison among number of vessels diseased is then made separately within each strata. The individual strata tests are combined in a summary statistic, which may be used to test the difference in survival among patients with one, two, or three vessels diseased after removal of the effect of differing left ventricular function in the three groups. Stratification was used to compare the effect of the number of proximal segments diseased after adjusting for the number of vessels diseased and left ventricular score.
RESULTS
The univariate results of the Cox proportional hazard model and life table analyses for the left ventricular score and the eight arteriographic indices are shown in Table I . The chi-square statistic and the log-rank statistic test the statistical significance of the indices for predicting survival. The arteriographic indices have chi-square and log-rank values of 575 and larger with P-values all <0.0001. (The value corresponding with P = 0.05 is 3.84 for the chi-square and 9.49 for the log rank when quintiles are compared.) The left ventricular score has the highest chi-square statistic, 1,083, indicating that this score had the most significant prognostic value of the angiographic indices compared. Figs. 1 and 2 are survival curves for each level of the eight arteriographic indices. Each index separated the patients into a range of distinctly separate survival patterns. Differences among the levels as measured by the log-rank statistic were highly statistically significant. Survival curves for the lowest and highest levels were similar for the eight indices. Survival curves for the two indices involving proximal disease further separated patients into low and high risk groups, rather than showing the continuous gradient across levels as in the other indices.
The most widely used index of severity of coronary artery disease has been the number of vessels involved. The estimated 6-yr survival for percentiles that correspond with the number of vessels diseased are given for each arteriographic index in Table II . 6-yr survival for the percentiles corresponding with patients with less severe but some disease (zero vessel disease) ranged from 86.2 to 94.1; survival for the percentiles corresponding with three vessel disease ranged from 40.0 to 57.8. The difference between survival in the zero vessel group and the three vessel group was of the same order of magnitude for each arteriographic index. Indices four through eight, whose percentiles closely matched the percentiles for number of vessels diseased, differ by no more than 4.6% in estimated 6-yr survival in any risk group.
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Ringqvist et al. The value corresponding to P = 0.05 is 3.84 for the chi-square and 9.49 for the log rank when quintiles are compared. LV, left ventricular.
Prognostic information contained in pairs of arteriographic indices and the percentage of this information in each singly is given in Table III ranged from 42%, for number of proximal segments diseased paired with the Friesinger index, to 97% for number of proximal segments diseased paired with the proximal segments score. The percentage of infor- Table IV . Five indices were selected by the stepwise procedure. Each of the five indices gives additional statistically significant predictive information in the presence of the other four. When left ventricular score was included it was selected first by the stepwise procedure as being most predictive. Ventricular score was followed by the arterial segment score, the NHCH index, the Friesinger index, and the proximal segments score.
The information content of the overall index constructed from the stepwise Cox analysis of all the angiographic indices is compared with several other indices in Table V . The overall index, which was selected as the most predictive linear combination of the single indices, is computed from the left ventricular score, arterial segments score, NHCH index, Friesinger Index, and proximal segments score. The other combination indices were constructed by Cox analyses restricted to subgroups of indices. The left ventricular score alone had 63% of the information joint with the 1858
Ringqvist et al. overall index, but to obtain most of the joint information, 83-88%, both ventriculographic and arteriographic information must be used. Estimated 6-yr survival for subgroups classified by number of vessels diseased, number of proximal segments diseased, and left ventricular score are shown in Table VI . 6-yr survival percentages for 30 separate categories are given. Approximately 95%-confidence intervals for the survival percents are obtained by adding and subtracting 1.96 SE (given in parentheses) from each figure. Within each of the 10 categories defined by number of vessels diseased and number of proximal segments diseased there was a statistically significant reduced 6-yr survival with decreasing left ventricular score (P < 0.0001). For patients with normal or mildly impaired ventricular function (score 5-11), there were no statistically significant differences in 6-yr survival percentage between zero and one proximal segments diseased in the one, two, and three vessel diseased categories. Pa- The overall index, selected by a stepwise Cox survival analysis to be the most predictive linear combination of the single indices, is computed from the LV score, arterial segment score, NHCH index, Friesinger index, and proximal arterial segment score. LV, left ventricular. tients with two and three proximal segments diseased had a reduced estimated survival relative to patients with zero and one proximal segments diseased in both the two and three vessel disease categories (P < 0.0001).
The survival percentage decreases with increasing number of proximal arterial segments diseased (P < 0.0001 overall) after adjustment for the number of vessels diseased and the left ventricular score. However, survival for zero and one proximal segments is similar (P = 0.12) and survival for two and three proximal segments diseased differ only marginally (P = 0.01) under similar adjustments. The figures in Table VI were recalculated after eliminating patients with 50% or greater left main stenosis. The 6-yr estimates of survival changed by <2% in all cases. In another analysis, after adjustment was made for the number of vessels diseased, number of proximal segments diseased, and left ventricular score, there was no statistically significant difference in survival between patients with and without 50% or greater left main stenosis. Only 302 patients with left main stenosis > 50% were available for this analysis since most left main patients received early coronary artery bypass surgery. For this reason this paper has little bearing upon nonoperative survival in left main coronary artery disease patients.
The analysis for Table VI was also repeated using an alternate method of survival analysis wherein patients were included in the analysis up until the time of bypass surgery, then removed from further calculations. Changes in the survival percentage were minimal in most cases. The difference in estimated survival exceeded 2% in only 7 of the 30 cells.
DISCUSSION
Data from several studies relating severity of coronary artery disease to survival have indicated that prognosis worsens as the number of vessels diseased increases. Most studies have used the subdivision of one, two, and three coronary arteries diseased (1, 2, 7, 8) . More complex indices have been constructed (3-5) to characterize arteriographic findings more precisely and increase the prognostic value of the measurement. In this study eight arteriographic indices including previously published indices and the empirically constructed indices from CASS were compared. A wide 1860
Ringqvist et al.
spectrum of disease ranging from minimal stenosis to extensive diffuse involvement of the coronary arteries was present in this large study, affording a unique opportunity to study the prognostic value of different angiographic indices with regard to survival. Although the CASS sites varied in attitudes and practices of surgical and medical therapy, we believe that in the aggregate they were representative of clinical practice in the United States during this period. All eight of the indices evaluated are highly significant statistically in predicting survival. Differences in rank of the evaluations when the chi-square statistics from the Cox survival model and the log-rank statistics from the life table analyses are compared illustrate the dependence upon the method of analysis used. Although the modified Gensini index seems a little better than the other indices, the data demonstrate that all the arteriographic indices are very predictive and have roughly the same magnitude of predictive power. It is noteworthy that left ventricular performance is more predictive of prognosis than any of the arteriographic indices. Other studies have also shown that left ventricular function is an important predictor of subsequent survival in patients with cardiovascular disease (6-8).
When the range of survival experience is compared with the most widely used index, the number of vessels diseased, the spread between the zero vessel and three vessel groups is similar for all of the arteriographic indices (35-46%). The low survival in the three vessel group for the number of proximal segments diseased arises because the upper percentile for this group, which corresponds to three proximal segments diseased, has only 7% of the cases. This is not a close match to the three vessel group, which has 34%. Again one concludes the indices have roughly the same predictive power.
Although the indices have about the same predictive power, in many instances the indices contain much independent predictive information as shown in Table  III . For example, in considering the number of vessels diseased and the number of proximal segments diseased (the 1-2 pair), 90% of the joint information is available if the categorization is based only on the number of vessels diseased. On the average, 17% of the predictive information for 6-yr survival available in a pair of indices is lost if only one index is used.
Stepwise Cox analysis of the eight indices reveals that the majority of the predictive ability is contained in a linear combination of five indices. This observation suggests that several of the indices measure different characteristics affecting the prognosis. However, the number of indices chosen by the stepwise procedure is large in part because of the statistical power afforded by the large number of patients in CASS.
To obtain maximum predictive information, both the performance of the left ventricle and the extent of coronary artery disease need to be characterized, as illustrated in Table V . Characterization by ventricular function alone or arterial disease alone is inadequate for good prediction. Subsets can be identified for which patients with one vessel diseased have a worse prognosis than those with three vessel disease. Measures of both ventricular function and extent of arterial disease are needed to obtain 88% of the predictive information.
For practical clinical use, simple indices of severity are preferable to the more complex indices if the predictive power is similar. We suggest that three simple angiographic indices: the left ventricular score, the number of vessels diseased, and the number of proximal segments diseased are together powerful predictors of prognosis. The combination of the number of vessels diseased and left ventricular score has a high joint predictive power for survival but each of the indices has independent information. The number of proximal segments diseased, previously shown to predict survival (13) , is easily obtained at the time of angiographic interpretation and has independent information in addition to that revealed by the number of vessels diseased and ventricular score. In combination, the three indices may be used to adjust for the effect of left main stenosis of 50% or more.
The use of the three indices combined is suggested even though the data in Table V indicate that left ventricular score and number of vessels diseased together give nearly as much information. The comparisons in the table result from linear combinations of the indices involved, while the effect of the combination is not precisely linear (in the log hazard). Further, the contribution is small for subsets with a small proportion of the cases. Nevertheless, information regarding patients in the smaller categories may be especially useful to the clinician. The information regarding survival added by using the number of proximal arterial segments diseased was shown to be important in most of the subsets.
It is important to note that no consideration was taken of the influence of anthropometric, clinical, or laboratory variables. Such data were not considered in the development of the predictive angiographic indices. It has recently been shown that in patients with coronary artery disease, subgroups with low, middle, and high risk can be delineated using only clinical variables (14) .
In summary, analysis of mortality in nonsurgically treated patients in the CASS registry using life table analysis and the stepwise Cox proportional hazards survival model has shown that: (a) Several commonly used indices of the extent of arterial disease have roughly the same amount of prognostic information for nonoperative survival. (b) The various prognostic indices do have differences and contain independent information. Often 20% or more of the joint prognostic information in a pair of variables is lost by using only one variable. (c) To characterize survival optimally it is important to include a measure of left ventricular function together with arteriographic findings. (d) We suggest that a simple useful set of prognostic indices that are easily obtained from the angiography consists of left ventricular wall motion score, the number of vessels diseased, and the number of proximal arterial segments diseased. These indices provide good discrimination of patients with coronary artery disease who are at high and low risk.
APPENDIX I

Computation of the arteriographic indices
This appendix defines the eight arteriographic indices studied. The 27 possible segments with associated numbers, mnemonics, and brief descriptions are described first:
1. PRXRCA (proximal right coronary artery). Main stem of RCA from the ostium to one half the distance to the acute margin of the heart.
2. MIDRCA (middle RCA). Main stem of RCA from end of above segment to acute margin of the heart. 6. RPL1 (first RPLS branch). First branch off the RPLS and often the only branch; synonym, left ventricular branch. 7 . RPL2 (second RPLS branch). Usually not present. 8. RPL3 (third RPLS branch). Usually not present. 9. Inf Septal (inferior septal). Posterior descending septal arteries are the septal perforator arteries originating from the PDA then extending into the inferior septunm.
10. AC MARG (acute marginal vessels). A large branch or branches supplying the acute marginal wall of the right ventricle. The origin of the largest of these vessels may be variable, but usually coincides with the acute margin of the heart. These vessels are often an important source of collateral circulation.
11. LMCA (left main coronary artery). Aortic ostium to bifurcation. 12. PRXLAD (proximal left anterior descending). Extends from its origin off the left coronary artery to the first visible septal no matter how small this vessel is. In some cases there will be a major septal proceeded by one or more small septals. In this instance, the definition should still be rigidly adhered to and the first visible septal, no matter what size, should be used to indicate the end of the proximal segment of the LAD. 13 . MIDLAD (middle LAD). LAD immediately distal to the origin of the first major septal branch and extending to a point where the LAD forms an angle (Right anterior oblique [RAO] view), often, but not always, coinciding or close to the origin of the second diagonal branch. If said angle or branch is not identifiable, the segment ends one half the distance from the first major septal to the apex of the heart. 14. DSTLAD (distal LAD). Terminal segment of the LAD running along the interventricular sulcus, beginning with the end of the previous segment, and usually extending beyond the apex. 15. Ist DIAG (first diagonal; D-1). The largest, and usually the first, diagonal branch having its origin from the proximal segment of the LAD and supplying the anterior wall. Occasionally, a separate branch of the main left coronary artery. If there is no diagonal with its origin from the proximal LAD, then D-1 should be coded with a -5" under morphology of distal vessel to signify anatomically not present.
16. 2nd DIAG (second diagonal; D-2). The second diagonal branch, which often has its origin at the angle of the anterior descending when visualized in the RAO projection. Origin is usually near junction of middle and distal thirds of LAD, but may come off higher, from MIDLAD. 17. Ist Ant Septal (first anterior septal). This vessel is designated as the first large branch of the LAD to penetrate into the anterior interventricular septum.
18. PRXCX (proximal circumflex). That portion of the circumflex artery from its origin off the main left coronary artery to and including the origin of the first obtuse marginal branch (No. 20). The distal circumflex (No. 19) may originate before the first marginal but the proximal circumflex continues until the origin of the first marginal.
19. DSTCX (distal circumflex). Begins from the proximal portion of the circumflex as the circumflex runs along or close to the posterior left atrioventricular groove. In right dominant circulation, the distal circumflex may be very small or absent.
Marginal circumflex branches that are very small or "twigs" are not to be counted as marginals or described. The first marginal branch (No. 20) may sometimes be a very large branch with the second marginal (No. 21) appearing as a division of the first marginal. All branches that come off the distal circumflex will be labeled marginals (Nos. 20, 21, and 22 below), and all branches that come off the left atrioventricular artery will be labeled left posterolateral branches (No. 24, 25, and 26 below). 23. LAV (left atrial ventricular artery). The left atrial ventricular artery is present only in a left dominant or balanced circulation. This artery is a continuation of the distal circumflex and has been arbitrarily defined as the distal half of the remainder of the circumflex after the take-off of the first marginal. The proximal half of the circumflex after the take-off of the first marginal will be defined as the distal circumflex (No. 19). Note that this definition is appropriate only for left dominant or balanced circulation.
Ist
Left posterolateral branches that are very small or "twigs" are not to be counted as branches or described. The first left posterolateral branch (No. 24) may sometimes be a very large branch with the second left posterolateral branch (No. 25) appearing as a division of the first branch. All branches that come off the distal circumflex will be labeled marginals (No. 20, 21, and 22), and all branches that come off the left atrioventricular artery will be labeled left posterolateral branches (Nos. 24, 25, and 26). 
NUMBER OF VESSELS DISEASED
The number of diseased vessels is a measure of the extent of disease in the three major branches of the coronary arteries. The three major vessels referred to by single, double, and triple vessel disease are determined by dominance. In a right dominant, balanced, or unknown system, these three branches include the RCA, the LAD, and the left circumflex arteries. In a left dominant circulation, they include the left anterior descending artery, the proximal left circumflex and its marginal branches, and the distal left circumflex and its posterolateral branches. The LMCA is equivalent to three vessels in a left dominant circulation and two vessels in a right dominant, balanced, or unknown circulation.
In a right dominant, balanced, or unknown circulation, the number of diseased vessels is determined in the following manner. The right coronary artery is considered diseased if there is a 270% stenosis in the proximal, mid, or distal right coronary arteries, or the RPDA; this constitutes one diseased vessel. If the LMCA has a 50% or greater stenosis, this constitutes an additional two diseased vessels. If the LMCA is not diseased or has <50% stenosis and there exists a stenosis of 70% or greater in the proximal, mid, or distal LAD or the first or second diagonal, there is one diseased vessel. If there is a stenosis of 70% or greater in the PRX or DSTCX, or in one of the three OB MARG, then the left circumflex is diseased; this constitutes one diseased vessel.
In left dominance, the number of diseased vessels is determined in the following fashion. If the left main coronary artery has a stenosis 2 50%, this constitutes three vessel disease. The remaining arteries are considered only if the LMCA has <50% stenosis. The criteria for defining disease in the LAD are the same as in a right dominant circulation. If there is a stenosis of 70% or greater in the proximal or distal circumflex arteries, this counts as two vessel disease. The remaining arteries are considered only if the PRX or DSTCX arteries are not diseased. If there is a stenosis of 70% or greater in the first, second, or third OB MARG, there is one diseased vessel. Finally, if there is a stenosis of 70% or greater in the left atrial ventricular artery, the first, second, or third posterolateral branches, or the LPDA, this constitutes an additional diseased vessel.
NUMBER OF PROXIMAL ARTERIAL
SEGMENTS DISEASED
In a right, balanced, or unknown dominance system, a LMCA that is 270% counts as two proximal segments diseased. If in addition the PRXRCA is .70% there are three proximal segments diseased. If LMCA is <70%, the number of proximal segments diseased is the number of the PRXRCA, PRXLAD, and PRXCX with 270% stenosis.
In a left dominant system, LMCA that are 270% count as three proximal segments diseased. If the LMCA is <70%, PRXLAD that are 270% count as one diseased proximal segment; if the PRXCX is 709% two diseased proximal segments are counted. If PRXCX is <70%, then one proximal segment diseased is counted if DSTCX is 270%.
PROXIMAL ARTERIAL SEGMENT SCORE
The score ranges from 1-7. The criteria for reduction of the internal diameters were the same as for the number of vessels diseased (Index 1). The definitions of the proximal segments of the coronary arteries were the same as for number of proximal vessel segments diseased. Score 1. No proximal segment diseased. Score 2. One proximal segment diseased, either the circumflex coronary artery, CX, or RCA. Score 3. Proximal segment of LAD diseased. Score 4. Proximal segments diseased in both the CX and RCA. Score 5. Proximal segment diseased in LAD and in CX or RCA. Score 6. LMCA diseased. Score 7. Three proximal segments diseased with or without a diseased LMCA.
FRIESINGER INDEX
The Friesinger Index is a score ranging from 0 to 15. Each of the three main arteries of the heart is scored separately receiving a score from zero to five. 0: An artery will obtain a score of 0 if there are no arteriographic abnormalities seen.
RCA. For the RCA to obtain this score, segments PRXRCA, MIDRCA, DSTRCA, and RPDA must all have 0% stenosis.
LAD. For the LAD to obtain this score, segments LMCA, PRXLAD, MID-LAD, DSTLAD, DIAGI, and DIAG2 must all have 0% stenosis.
CX. For the CX to obtain this score, segments LMCA, PRXCX, DISTCX, OBMRG1, OBMRG2, and OBMRG3 must all have 0% stenosis. CX. At least one of segments LMCA, PRXCX, DISTCX, OBMRG1, OBMRG2, or OBMRG3 has stenosis 69-100% and LMCA <100% and PRXCX <100%. 5: Total obstruction of a vessel without any filling of the distal segment from the proximal portion.
RCA. Segment PRXRCA = 100%. LAD. Segment LMCA or PRXLAD = 100%. CX. Segment LMCA or PRXCX = 100%.
Note: In 5 above only the proximal segments were used, unlike 0-4 which use the whole vessel.
Note: In 3 above, segments with stenosis of 30-49% were considered to have a single lesion only. This was necessary because the morphology variable is not filled out for this group in the CASS study.
MODIFIED GENSINI INDEX
Each arterial segment is weighted by a value from 0.5 to 5.0. (The weight for segments 1 through 4 is changed to 0.5 if the system is left dominant.) The stenosis is weighted from 2 to 64. The product of these two weights is the total weight for each arterial segment. The modified Gensini index is the sum of the total weights for each segment. For left dominant systems, the diagram and function are given in Fig. 4 
MODIFIED NHCH INDEX
The Modified NHCH index uses empirically derived weights. The products associated with different paths in Figs. 3 and 4 were used as potential covariates in a stepwise Cox survival analysis. Cases with left dominant coronary systems were analyzed separately from the cases with right, balanced, or unknown dominance. Using the notation of the NHCH index, for right, balanced and unknown dominance the resulting index is: 
ARTERIAL SEGMENT SCORE
The percent stenoses in each segment 1-27 were used as potential covariates in a stepwise Cox survival analysis. The cases with left dominant coronary systems were analyzed separately from the cases with right, balanced, or unkriown dominance. The segments selected by the stepwise procedure and their estimated coefficients are given below. For 
APPENDIX II
Quantification of the predictive information (13) If each patient can belong to one of two populations (in this case, alive or dead), let X and Y be discrete variables related to the two populations. Let P,(i, j) be the proportion or probability of dead (r = 1) or alive (r = 2) cases with X = i and Y = j. The joint information in X and Y for distinguishing between populations 1 and 2 is: I.,, In (P,(i, j)/P2(i, j))(P,(i, j) -P2(c, j)) (In this expression In is the natural logarithm.) The information in X alone for distinguishing between dead or alive is given by:
1. = z In (P,(i)/Ps(i)(P,(i) -P20)), where P,(i) is the proportion of population r cases with X = i. A similar expression gives I,, the Y information. The percentage of the joint XY information contained in variable X is defined to be 100(1,/I,,).
To estimate the probabilities P from the data, each of two indices was used to group the cases into approximate quintiles of risk. (Instead of quintiles, categories for number of vessels diseased, number of proximal vessel segments diseased, and the proximal vessel segment score were simply formed by the different values of the index.) The life table method was used to estimate 6-y survival in each cell. Let S(i, j) be the estimated 6-yr survival in cell i, j. Let n,1 be the number of individuals in the i, j cell at time zero. The probabilities P,(i, j) and P2(i, j) are estimated by P,(i, j) = n,(l -S(i, j))/2 nk,-(l -S(k, in)) PO(l, J) = ni,S(i, j)/ nk,,,,S(k, m), L-where the summation is over all cells k, m. Only cells with 100 or more cases initially were included in the estimate of the P,(i, j). In each comparison <3% of the cases were in cells deleted from the comparison.
